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GUIDE TO THE LITERATURE ON COLLAGEN

Rubin Borasky

INTRODUCTION

The term collagen refers to a chemical substance of animal origin. Biologi-
cally, coilagen is recognized by its preferential staining reactions. The
biophysicist recognizes col.agen "y its x-ray diffraction pattern, and
appearance in the electron microscope. Collagen is a natural fibrous high
polymer p ssessing little e.asticity but great mechanical strength.

To the chemi:st, collagen is e imple albuminoid protein, which is, at ordi-
nary temperstures insoluble i wate., dilute acids and alkalies, and solu-
tions of s=zits such as sodium chloride and ammonium sulfate. In its native
state collagen is resistant tc digestion by certain proteolytic enzymes.
Collagen has physico-chemical properties which set it apart from other pro-
teins. Thes- .re its characteristic 1so-electric point, the property of
birefrirgencs, and swelling reacticns in &cids, alkalis and solutions of
certain salts such as barium chlor.de and calcium chloride. hen heated
gradually in water, collagen :hrinks within a small but well-defined tem-
perature range.

Yhen boiled i~ water for a suffi:iently long time, collagen is irreversibly
changed int. gelatin, a water :oluble prctein, heving many physical and
chemical prop-rties {other than s.lubility in water) markedly different from
its forerunner collagen. Much of our knowledge of the chemistry of colla-
gen, in - urticul:r, and proteins in general, has been derived from investi-
gations on ge:atin.

Bracconot' : i covery of glycine in 2 gelatin hydrolysate (1820) [7497 and
Graham's /77¢/ investigations on :*e diffusion of gelatin solutions .1861-
1865) mark th-. beginning of proteli. and colloid chemi-'ry, respectively.

A greatly -nr’ .hed knowledge and .rderstanding of the gross and microscopic
anatomy of anima  tissues and org.:is is the result o many studies made on
collagenou- t s ues by investigaiors since Malphigi :ounded the science of
histology. .. " not surprising since ccllagen is s widely distributed
throughout +i - animal kingdom, end 1s found in varying .mounts in all verte-
brate anima ti.‘ues and organs.

The leather - hno ogist is conc:rn. d with the chemi .al, mechanical and
physical pr . r e of collagen, o that he can modif and control the many
processing ‘iteps involved in lea:her manufacture tc 'mprove processing
efficiency ¢n ' - obtain desired qualities :n the finished leather.

This bibliogr-r+: was started as ... aid in planning n. executing experi-
ments, to e uciiut: the fundament.:l physical and chenical properties of
collagen, -~o .ssential for a better understanding of t..e tanning mechanism,
and improvement cf tanning practi e. The large number o- reference. ob-
tained, and the varied fields of s en 1fic investigation covered by Fese
refe ences, suggwsted that a biblio r phy on collagen would be of valu to
many wcrkers in biol.gical, biophys: 1, chemical and physical research



Limiting the references to collagen alone, was found to be impossible since
the terms gelatin, glue, skin, hide substance, hide powder, connective
tissue, tendon and others are very frequently though erroneously used as
synonyms for collagen. This is a fortuitous circumstance, since much of our
knowledge concerning collagen is based on investigations of the various
collagenic derivatives or tissues listed. The strictly non-collagen refer-
ences have been kept to a minimum as a necessity but it is hoped there are
enough such citations to be of use to investigators whether their interests
are biological, chemical or technological.
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NOTE ON THE CLASSIFICATION OF REFERENCES

References in this bibliography are grouped into four sections. Section I,
Biology references, is classified under four headings, and Section III,
chemistry references, are classified under twelve headings. Section IV is a
supplementary list of references which were obtained from a search of Chemi-
cal Abstracts, Biological Abstracts, the Journal of the American Leather
Chemists Association, the Journal of the International Society of Leather
Trades Chemists, published from January 1947 through August 1949. The cita-
tions are arranged alphabetically and chronologically according to author
within each classification group. More detailed classification of the
references will be found in the subject index, which was made as comprehen-
sive as possible so as to make the bibliography independent of the classifi-
cation system adopted as a matter of convenience to the author. Fach cita-
tion was verified by consulting the original source whenever possible.
Chemisches Zentralblatt, Chemical Abstracts, Biological Abstracts, and other
secondary sources were consulted only when the original source was not
available in the libraries of the Philadelphia area. Insofar as possible
abbreviations used are those in the United States Department of Agriculture
Miscellaneous Publication 334, "Abbreviations used in the Department of
Agriculture for Titles and Publications”. '
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fat s0lubléccccoccoscscoescesansseaBS
palatine fast, action on
€0l118gONcccsceccoccesesccecss 389

Ear, rabbit, transparent chamber
incccecocecoocecsosl,9,47,48,194,195
Earthworm cuticleccccececceccecccseesa 984
EdemB.ccceececcescocoocoasaceceosllD,B18
Elacincccccececcccscsccoscssocccsoseed00
Elastic tissue - see Tissue, eolastic
Elasticity, rubberoidccecceccccoscesss639
Elastinecoecocosoocsssosos184,188,200,490
absorption of waterccccccceoessss800
action of proteolytic bacteria
Ofococcooooososcooaoceacssocssoddbl
adsorption of water vapor by.....929
composition ofcccseccccoesccccssss 806
see also Amino acid(s)



3ubject Reference
ormaldehyde - Continued
combination with
collagon.....495,496,498,939,942
keratincecocoeoosensocssssd95-498
Silk fibroin..essesseececess495
determinationcceeeieeevseeas 676,681

118CT0S@0coeccoocssssosecsnenenssss 309
ANErene, gas, toxemifescececceccess.sl127
:s, mustard
zotion on ox cornea collagen.....979
distribution in tissues..........895
’latinesecesess....256,257,317,322,351,
570,579,612,739-796
absorption of water by......776-779,
785,784
acetylation ofcceciiececnsenness.380
affected by
8lkelicececrecccsronceccenessd9
eloctrolytes.cceesececceceee..756
formaldehyde®eeeeeeeesseseeess60
heBtececeoeeecceosnscannceesos??5
neutral saltSeceeccecccaecccss793
pancre@tinececceccscccscccecess436
amino acids inc.eeeesecs.311,752,902
chemistry and determination of...747
coagulatedoccsccccessscssccccceess 751
colloid chemistry ofceececcsccss.586
cowhide, partial acid
hydrolysis o0feececcecscscesees 762
degradation products o0f.eeececees.767
demineralization 0fcececcecccccess 787
elementary composition of........341
equilibrium with dilute HC1..785,786
ostimation ofececececesaceess303,764
from collagenieeceesecescesea.312,774
hydration ofeccecccccccecses.631,635
hydrolysis ofecccececccocesccecesT8B2
ineipient shrinkage of.......606,978
iso=-electric point of........429,7€60
methylation ofcecccececccccccecssss 80
molecular structure of.ceeeeecees.l?
molecular weight of.cceecesss755,737
origin of....‘......‘..’....‘..!I?ggf
perticle shape Ofcececcecsseencesss 76T
peptization by mixed liquids.....78C
precipitability ofceveccceeeceessT6E
preparation o0fececececscccssss740-742
production o0fcecececcccccccecceesT6E
proline content ofcccecesesse354,355

Subject Reference
Gelatin - Continued
sperm wWhal@cooeoccoosoocooseoosseoslI6
strongly stretched
preparations ofcsccoceccesso.240
structure 0fcccesecocesecsses?45,756
sSWellingeocecooossoececeseaesaTd4,770
tenned,; stability of.ccecccecss..616
thermodynamics 0fcccoeccececsossob37
tyrosine content ofcceccccececoso360
Tols
gelatincceeeccoceooosss763,755,789,790
mutarotation ofcceccocccoeeas 77l
high molecul@r..ceceecececcssensee877
Gland(s)
adrenal, female rats,
connective tissue of.........921
mammary, contractile
tissues iNceecsecscscececeess 986
Globulins, MuSClOceeeesssesossss 483,484
Glucosamino dimannos@.ececeececcccssss«863
Glue - see Gelatin and
glue (739-796)ccecccscso257,739,743,
759,792
chﬁmistry ofoooooco.o'oooooa'o-o‘748
collagen andeeccssecsosesccccssss?8l
colloid chemistry ofcecccccccesss586
Glutin from bone and skineeecoeoeeses566
Glutokyrineieecececessccscscccscsssscsss328
Glycine
determination ofceccsccecesss 367,368
discovery ofcececcccocecccscecccsT49
Glycogen of human cartilagec...ece....970
Glyoxal, action on hide protein......934
GoBteceevososeesccescoscscscscccesessdBE
GOrgonine.ceceeccocesosscsssscccsssces8lO
Grain, histology ofcecceccccsccoccceosbd
Grafts, tendoNecccoececceescscescscessdd
Gramacidin, amino acid
composition ofcecececcccccceccsse8l8
aroups
emino &aliphatic, determination
Ofceececccccossccsccceceoceeeaad?d
guanidyl.ccecscecssocsccccccascessddl
reactive, collag@Dieceeccececeesss936
Guinea pig, collagen
distribution inNceceececcecessees 964
Gut, surgical enzyme digestion

oflo-coooocoleo'..oo'oootcoooo'o.481



Subject Reference Subject Reference

Fiber(s) - Continusd Fiber(s) - Continued

double refracticn 0ifvocooocoss262
effact of
lime-sodium sulfide
mixture ONce. coovsovoenodI1
liming ofvoocooovoncooooss392
elastic properties of \.......26F
fine structure ofcvoo. cooos71,7"
for precipitation of i1ime....10
formation in cultures of
eonnective tissue.-....20,27
formaldehyde tannedoo..ooco...941
86ne8is8 0fcvcoocococccoscoolB,38
hid‘OOOOOOOOOOOOOOOOOOO »auooos78
in arteriosclerosis..oc.ccoe.116
mechanically deformedc.......262
m’tamﬁrphOSis °foocoooce~ooonczs
method for demonstration in
conneotive tissuecc.c....106
frozen sections.ccocces...69
molecular structure of...213,218
265,072,279
morphology ofcceecooocooscecesl?
muscle, acid contreaction of..150
non-t'ndonoooooooaaoeoooooaooe&?
optical propertiss ofcecec...699
origin 0fccccecccscc18,38,50,51
pr@t‘nn’dooooeoeoeeooo.oooonozso
produotion of
from fibrillar s0lscc.o....54
in VitrOooooeo-eocoo.oeo'016
propertles ofccccccccceccceon594
thermoelastiGo.caccee-.- 150
BOIQrOticeoooooooeoocotoooo-ooss
strength 0fccoceceecccccsceesI08
structural stability of......949
structure o0fcccccc...591,592,€41
Bwalling °fcoeeel‘?.387,404‘407,
450,593,601
tannedc.coccocso..64,252,680,941
tondonooeoeooeooccooooaaooou0057
collagenic ~ see Fiber(s) collagen
collagenous, developrment of........2
frcm Peticulumo..-............30
in tissue cultures......26-28,30
nature and origin ofccccecccs.18
in great omentum of rodents..101
mechanical significance of...156
connective tissue
action of ascorbic acid on
formation 0fccecoccecccecel?
development in tissue
q“ltur‘.eeooooeoeooooe005023

8lestiGooccvsoscoocnocoocnonoocaB5,266
high-molecular..ccoococoovooooooe8TT
keretin. oooooooo0sovc0ll,271,824,825
muscle, thermoelastic
properties o0ficooccooooooooaslB0
Orgenitooscr coocoooonoooaoovooooddl
Proteine . ccooccoc.0-204,205,208,224,
225,253,819
molecular configuration in...858
structure ofccsocoo000000966,991
swelling of, in orgamic
solvents.ceosoo..598,599,601,
841,844
tensile properties ofc.ococco..858
titration curves o6fcccoceoeoc.838
reticular
development in vitro..cocsee..22
histogenesis, in mammalS.......2
reticulum, method for
demongtration in frozen
500tions.c.occooocccnscccsensoBY
skin
‘nim‘loenoooocoooonooceoeoo~0839
argyrophillic ofcccccceccceeso66
tissue cultur'oocooooodoooooooooooso
Fibril(s)
collagen
affected by
rorm‘ld.hyd.eeeeonoo90005501
anltomiﬂonooooooooooooeoooaoaoes
‘rtifi°1.1eeooooooooeooao.ooo086
cultur‘s in Vitroocu-oaeo-oooosa
pelarizing microscope
measurements Oreocoeoo41
formation in Jensen
sarooms in vitrocecceeseco.d4d
molecular structure of.......597
struekure and growth of.......35
collagenic, of connective
ti'Moooooooooa-oo-ooooooo-lss
eollagenous, origin, struoture,
‘rr.ng‘m’nto-oooo-ooocoooeoo-017
oconnective tissue........161,247,661
r’ticulﬂroeeooocooeeooo-oo000159 189
Fibrincccoococoooss0.110,268,490,746,809
FibrOblast(B)eoeoaooeoooeoooooeoos 39 40
Fibroinccccocccccceccoss. 380,495,628, 769
Fibrosis, myocardialo.o00000000000..°284
Filtrates, bacterial culturec.cc.....462
Foods, emino acid composition of.....357
Formaldehyde
action on selatinoacooaoo-coooouo760



Subject Reference
:ather(s) - Continued
vegetable tanned - continued
aged, soluble decomposition
procucts ofccccsccscooeceab79
wattle-bark tanned, water
solubles 0fcccocococcosccooooBI2
wet, effect of heat.....565,647,652,
661,999
x-ray examination ofccccoccococs.6885
+sions
cardiac, rabbitcocccocccccocscaocoIT4
connective tissuScoccocccoccoocsolld
ucine, determination ofcccoo...367,951
wigite, distribution in
tis5U®Bsocccccococcososoccoacoces895
ght, polarized, action on
tissue (connective--muscular)....136
ultra-violet, action on
hide proteinsccccccocccsccscsosB828
mﬁeoaooooooooa9000090-09000454,4969774
*removal from animal skinococceooooso409
saturated solution, action
- on collageNoccccecoccccccssooodl
sodium sulfide Mixturesccococeocsoo..391
MiNgooconocoooscoooccoocososssssssessdB6
nkage
= CH = N =ccccoocoeecssccscecnnsssc.B883
sulfur, reactivity of.......878,879,
883,886
pids in humen cartilagecccccscscooo970
quor(s)
lime, ammonia iNcccsccccccecsesse368
tan,
Plumping incececcecescesscesssB605
plumping power ofcececssccess693
ver, chemical composition of.......293
silia sericata (blow=fly)esscesess.447
ous erythematosus, disseminated...l20,
121,896
nphaties, relation to
mQSQUOhymﬂ C011Sccocececcosecssssscsl
aph nodes, adult rabbit.cecscececcess 30
otrope series and theory of
tanningoooeecoo000000549’551,580"584
>tropic substances and
shrinkage of ocollagencccs....580-584
3sine content of meatScccccsse.ceees930

3r°m°le°u1°(s)°OOBODQ.B‘.OG00'0231’238
3r°phageoooaeeooooonoooooooooooouooooe

Subject Reference
Material(s)

batingococococosscocccccoccooooccecooddl
biological, structural units of..231
collagenous, decomposition of....324
13ivingcocooococcoeocccocoooooncooldR,233
natural, large interplaner
spacings ifcococcoccccooccvcocosldB
tenning, vegetableccocccovsoocoo.494
Moat(s)
cooked, collagen determination
inooooooooooeoooooeoaooooooouzss
determination of collagen in....296,
299
gelatin content ofccocooccccoccnnoosTI5
lysine, methionine, and
threonine content ofccccocso.930
Mechanism for basic chrome sulfate
reactionococoecocccccoscecoooecso bl
Medicine, x-ray diffraction studies
iNecoocoococccoococsccescocccooonsosdDS
Membrane(s) '
c0llagenccecococcooosccososceoooolld
natural, fibril orientation in...981
Mercuric chloride, germicidal
efficiency ofccococccccccocoocssasB869
Mesenchyme
68118.cccccc00000000c00000000scsanod
mitosis incocccoccccccscccosoecld
humanccecoocosoocccooococoocosccoocoosT
vertebrate, freshcccccccccoccccoosl96
Methionin@cccccocoococcooooooooooB898,930
Method(s)
histological, see Histological
technigue
Loehlein-Volhard, for ehzyme
actiVitynooeooooooosooooooooo47o
Microbiological
amino acid determination
byoooo-ooeoooooooo990950,951
enzyme activity determination
byooooooooeooooevoeoo470,491
photometric ninhydrin in amino .
acid chrometographyccceccoccs971
Plumpingoccscscccecesocooccooosos 861
solubility product, for emino
acid determinationcececccocss+367
staining, for
collagenous tis8u®cccccescsooc997
fibers, collagen, elastin
and muscleccccoccocscseossl03
histological elementscecoccscsosb7
tannin ﬂnalvsiSoooaeoooaoeoaeaocoeez



Subject Raferengg
Eaematoxylin~dioxane-phosphomolyclic
acid (stain for collagen and
reticulin)eccacossconoococcssoesnesa96
HelroecoosoocnennoonooaoosonooonasesssB23
amino acid composition of........812
animal, x-ray analysis of...204,220,
221
hydrolysis Of ccoccocnuoooossoB84F,849
Healing, wound - see Wound healing
Heart
dog, collagen, creatine, an?
phosphorus content of........281
normal and pathological,
collagen content ofcccccco...284
Hemaglobin, cattl@cocnccocccoonnoscss 746
Hide powder - see Powder, hide
Hide(s) - see Skins
Hide substance - see Substance, hide
Histogenesis (origin, development -~
in vive) 2,3,14,17,18,32,42,50-52
Histological techniquse...55,59,60,62,67,
69,75-77979,80996,100,103-105,684
Histologyouaoooo.oa59056-58961963-66,68,
70-72,78,81,82,85,87,
88-92,94,97-102,104
Hyaluronic 8¢ideccecscoosocoocccssecsssB830
Hya8luronidase...oscoonecoonooncesoess830
Hydrogen peroxide, action on
collagen and thymonucleohistone..143

Industry, leather, biological
problems of thes.crosceocoooooses920
Infections,; skin, rabbit by
goup A streptocoCCi,-ncecccooosss974
Inflammation
allergic, collagen degradation
inoooeoooooaeecoooooaeoo-aaool42
chronic, due to implanted
©0llagen.cceoccceenascessld9,140
hyperergic (Arthus phenomenon)...147
Integument, chemistry 0fcceeessssal300,850
Iris
chemical composition 0fccccoccocess295
collagen and mucoid o0feeecesscs. 294
Iron, fixation of hide substance by..541
Isingless, amino acid composition

ofuc00aeo‘ﬁoooeeooooeoeeo.oo'.l.osss

Jensen S8rCOMBeccococooocoococoncaoncossesaedd

Subject Reference
—_—, —_—
‘Kertin(s)seceoonseecascessaoo242,271,816
action of aliphatic diazo
compounds ONesonococoscooccosoooIDT
amino acid composition 0fccsooso..810
basic amino acids o0fcscosocoocssona8ll
combination with formaldehyde...495-
498
cornification ofcccoosccoccocncosn~8l6
feather, titration curve of......884
58Cret6docsnscocosonsccoscconcosoldT
structure ofccocecoocoocococsossso857
wool, titration curve of...oo00s..881
K=toXiN.cccocononoassnsnsononn ooscd74,899

Lamb, tenderness of.ccecococsccoseocesl85
Leather(s) - se6 645-712.ccc0s00+256,664
affected by trypsincecocesncnssssT09
adsorption of water vapor by.....955
chemistry of.........104,689,701,711
chrome
moisture content ofcecccoccc..672
thermal stebility ofcccoeoss.673
chrome tenned...co.oneseeoo...682,803
absorption of water by.ce....556
fixing of water byccocseoooos562
combined tanning matter ofco.e....663
diketopiperazines of.eeecscceeces-670
dispersion in copper ammonium
80lution.coecrcerscoscnocesss 563
0xpansivity ofccceccoceccoooosssol000
fixation of tannin by.coceecooss 678
formaldehyde tann®d..ccoccscooccocs.676
shrinkage temperature of.....704
fundamental structure of....ccc...58
hydrolysis 0fcccoesscsocececsnocoobdd
hydrolytic action of acids on....411
manufacturescococooseconsccncsooo820
biochemical problems in......696
chemistry of.ceccc0-.104,689,711
moethod for testing.cosceccocecsos669
microscopic examination o0fcce....646
nitrogen determination ofcccecoc..710
physical properties of,
bibliographyecceccoococcessesoB99
shrinkage temperature of.545,611,647,
648,651,652,656,
661,669,677
sole, stability ofcccecooccoo.651,652
soluble matter Ofccco0000ece0B690,691
vegetable tannedcccocoocococe.656=661
action of water oncecco..690,691



Subject Reference
rosess(es)
dY®ingoscoococsooosoonoooooasscooDD8
1uminfsco0000c000s0s00rnoooonooosdD
50tTAINgo 00000000 sssncococaocoonnsob83
tanningoecoocecococovorvoovoooocoal’S
chemistry ofcccoc osocsusionob7h
physico-chemical aspects cf..553
*heory ofceccccccroosd98,556,511
Tegstablloccooccoconsonnohd
rocrllagenceosooocceccesns ooozooans 976
roline

determinaticn ofcccocc.o0?54,371,745
lp gglatinooonoooooaont-ow;n ﬁov003'54

roparties
physico-mechanical of cellulose,
collagen, and rubberc.ss....546
tensile, of protein fibers.......858
rotease(s)
Aspergilus Oryz@@cccccccocooscsosso486
bacterialecoscccocococoocoooooososcdbl
influence on swelling of
collagen and fibrinccecoooooo110
rotein(s)ccoceoces0.210,212,215,219,750
absorption of water vapor by.....813
action of
bromine ohcececsccecocccosoocoocsB33
neutral salts ONcecsooooo875,876
pepsin and trypsincccccccsso..890
amino acid composition ofcccvoo.ad57
animel skin..619,621-623,627,994,995
as colloidal electrolytes.ccococo..837
chemistry of.coccoccceoco828,835,843
coagulatle;
khistologiocal study ofcccc..89,90
combination with acids and
baSQSaoooeoacoooocoeeoooeezs,ess
Coriumoooooeuoooooeooo:oocoonoaoesos
denaturation Ofooooeoceccouoo:oooZIQ
determination of glycine inccoc...368

°gg Shallaooennoooococoeeooe-nooozazﬂ

electrophoresis ofcececoossccsssobdd
estimation of serine and
threonine inccecersccccevoccod69
fibrous, of memmaliar epidermis..l60
formaldehyde compoundsSceeccsscsocoss509
heat denatured, reactivity of....823
hide,
action of
glycxal oneo-ooaoeaoooologs4
s8lt ONoocososcecscncscooccodd9
ultra-violet light on....628
effect of vegetable
tannage oNccoccoosccesosscsI3H

Subject Reference

Protein(s) - Continued
hide - continued
reaction with tetra-oxalato-
diol-chromiat@c.cocccooosd97
reactivity in its iso-
electric 20N®cocnscooocooddl
hydration ofcccccocococoncvoco.219,842
hydroxy amino acids iNoccoooocoocos«o358
hydroxylysine incocococcococccoccosadlB
monamino acids 0fccoccscsoocccancadT4
industrialccocccocccocsscooosooacB847
insoluble, amino nitrogen of.....370
muscle,
determination ofcccccccncecoo874
peptic digestion ofcccccococcoc.482
natural, detection with pH
indicatoresocccccccecooccooooB832
reactivity ofccocooscccccooooo822,823
serum,
carbohydrate complex 0fcco.o00863
SKiNooooroooooooocsonscnvossocdll; 373
glucide content ofcccocsocccocd30
sorption of water vapor bycccss..914
structural, swelling of......419,420
structur®ccccccococoscooo.359,842,862
theory of colloidal behavior.....845
X-ray analysisSocoococococccoscocccoooIb9
ses - X-ray analysis
Proteinases, evaluation ofscccscososs945
Proteolysis
measuring peptization inccceocoscoo487
of bone and cartilag®@cccccococoss982
Protoplasm, submicroscopic
morphology ofccecsscscocccocssscos32D
Pyloric ceoca, cod and haddock,
8nzymes froMoccecscscsscoscssococeoocddd

Quill, porcupine
basic amino acid content of......811
x-rly analy!is ofoconooeooace.eaezzs
Quinone; reactions with collegen.....526

Rabbit(S)ccocccsoocssocososonosos303,891

ear, transparent chambers in....1,9,

- 47,48,194,195

1ymph nod@ccccocccccoccocscocoocosssdl
nerves, sciatic,

collagen content ofcecccooooolO6

collagen formation incccsooo.891



Subject Reference
Method(s) - Continued
technical, of the
Army Institute of Pathology...55
ficelle(s ),.aoooao.,,oca...,..aODZSI 239
gelatlneooaeoooooo....,......248’761
Microscope, polarizing.eceececeecosoos.o4l
Microscopy, slectron - see Electron
microscopy
Micro-tannologyoeecococoooneoeosnessasb88
Mixtures, bufferooooeoo.o..eu,o.,452 453
Molecule, keratin, structure of..882,885
Morpholoyy, submlcroscoplco,.0555,.00925
Mucoid, of elastic tisSUGc-ocoeceecs.o188
Muscle(s)
besf
collagen content ofceccoesco.983
connective tissue content of.298
elastin content of.cceeeoso..983
ClamMoccoocoooccosoasscocanasnnsssll5
connective tissu®s o0fceeceeeses..186
dystrophio, collagen content
e P 10 %
®lectron microscopy ofcececsss...985
SEriatecccccccecerecnccncesnnnenssh
Mushrooms, proteolytic enzymes from..434
Musterd gas - see Gas, mustard
Myoepitheliumecoeescesscoensosnnesss 986

Nerve(s)
intercostal, fibro hyaline
dOpOSits ina..................Bs
pansacral, collagen disposition
and glandular structure of....81
sciatic, rabbiteccececeesess 106,891
Nlnhydrlnoo..c,o.....................971
Nitrogen
amiHOenoneooocccoaooooooooooo---0370
of collagen and wool.....361,364
collagen, of dog tendon..........287
content of
Skin, humBn.esececesecesecees.288
tondon, dogeseevcsceesnneses 287

Operation(s) .
pPretanningeecccccecsccecececanesad55
808Kingeseeeetceocncneccennnnees 695

Ovary, rabbit, connective tissue of..922

Subject Reference
PancreatineccosccoscccecosoccsoeeesssddB
action on collagen and gelatin..467,
468
Papain, papayotine.cecsococscccoccencecos 433
Puthologycoooooc106-111,113-117,119,122,
123,126,127,135-142,144-147
Pattern(s) .
regenerationcsvccccocococconooocaolld
x-ray diffraction of bonse,
tendons, and connectivs
tisSSUB:.cocuvnoooocoooccasoncalddT
Popsincccococonocossc441,471,472,483,484
action on proteinscecococscscsscss890
denatured. ccccesccsccsccooconacaod?d
iso-alectric precipitation of....439
Peptide(s)..... vcivcvuuncuvoon.venuooTB0
Permeability, tissu@cccccoccoscooaessdB2
PhagocytosisScceococsoccosooosoocnnsosldh
Phenol, combination with collagen....417
Phenolformeldehyds, tanning
pProperties ofceecccocesoscoooceeodB
Phenolnovolac, combination with
co0llagenceccocscccsesccecosccosssdl?
Phenols, dihydriCecceoceccoscooacsoos944
Phormia regina 1arva®.c.ccsessscssesss 128
PLysical chemistry of cells and
tis8UeB.cocvcooccoecncnoosoansossB829
Physiology......112,118;120,121,124,125,
128-134,143,148-155
Pickle(s)
action on collagen.......407,412,416
PICklingoo-ooocoooneooeooaocoooooo000706
Placenta
601lagen O0fcececocesoscooooocscnssI4
inducedb.Q.OOOO'.DOQO..O"GO00900154
Plexus, AUGIrbacCh’S.eececccocsocosococosBS
Plumping of calfskiNcesscccecoscoccsoTl?
Polymers, low-angle scattering in....960
Potassium thiocyasnate, effect on
collagen and elastiNcecoccecoosssss393
Pouch(es), pharyngealoceeccceccooooossd?
Powder, hide
action of
acids Onoooaoooo-cecc-oe421,4263
papain and papayotin on......433
chrome tanned, hydrolysis of.....644
formaldehyde tannedecococcscceeseso504
preparation ofc.ecccecososoos343,345
swelling ofccoccesecs.587~590,608-610
Pressurs
of COIIOidSooooeooeooooo‘cooonoo0834
08mOtiCeocoencooccosceooo?54,757,758



SubJect Reference
Skin(s) =~ Continued
animal - continued

coagulable proteins of.....89,90
FIDOrS Of ccvovercooceocooeesed39
histology Of eseececcaccocosses(O
microbiology Of coeceoccccooss iDL
removal of lime from.........409
reticular tissue of..c.co....804
arginase IN.c.o.oceceensscaosscossI68
bated histology OfecccooccsoscooossIl
biochemical studies Ofc.ocecosseso29L
bilochemistry Of ceeeceooooacsceoosIOD
CBLL o vveeesoenecescancsacosssosel2B
elastic t188Ue Of.cceccoessss803
minimum plumping ofccecoesses L2
chemistry Ofccsscosceescsss. 286,310
coagulable proteins of........+89,90
collagen derivatives ofcc.occoscece293
GOL1AZON . e ccocossscsssssscososesosbdd
cow, capillary distribution In...924
6188t 1IN Ofeeoccoososescosssssssb6,138
fish, hi8tology Ofeceoceceosess.aliO2
fundamental StrucCture of.c.c..eeeesd
ZlUtIn Of c.cocvoescacscosooicssssdD
histochemistry ofceesocesssosse99,100
‘hi8t01l08Y OfeocesacesecceccosasesslO
AU, o o o 6 20 e ncooecasocoscoscssosslB0
hydrolysis Ofcesoescoossoss. 048,849
01l tannage Of..ceecececosso.653=655
roticulin Of coceecoccsecososonocs e lTh
1Ot 1CULWL. o ococecococcccccsacasssbdO
specific gravity ofcocecccs s ceoe873
BU6OY .o ecooooscosssssaccscscsssssedd
StUAY OF o eoccceessoscocecscconasssdl
BELUCHUTE Of soossvocosccocecsnscecdB
BWOLLING Of ecucovanncnnc acssesss3B6
chemical basis fore.ccceoece.s589
unlimed, action of trypsin on....465
Soda, caustic, action on human hair..886
Sodium
FLUCB1L108E6 e cosaosccocososcssssblD
hydroxide, titration curve of
COLLAZOM. s vcroesssonoscossas bO0
periodate, acidifled, In
reticulum StEINING. ccoeeress 965
S011d8, MACromOLeCULAT cecsooscssssss 238
Sols, geLatiN.. socessacesosccasaaT89=T9L
Solubles, water, 1eather.......oeo.0.663
Solubility of collagen In dilute

&Gid.s..,.o..o-u....o...aoe.oogo.-l33‘

Solution(s)
acid, hide powder awelling
in..l'@..o.n.‘ob.050000.h26a’587

Subject Reference
Solution(s) - Continued
alkalirne, effect on hide
substance Li2-L15
CoLlagen . oococcocnoooscsscscoocsa il
ethyl acetate, wattle-tannin In..977
gelatin.coeccocoo oosessonasnan o Ok
size distribution Meeeceo...788
viscosity ofcoceeccasscescass 89
protein, electrochemical

properties ofc.eeocoessossoss 821
tannin, effect on collagen
fiberScccccococcns N ST s,
Solvent(s)

aqueous organic, tenning in......969
organic, protein fiber
SWelling IN..veecoososesssco Okl
Specific gravity of skin and
vegetable tannin....cceeseeoosso-073
Spectrometer, double crystalece.ocoo. .95k
Spines, Echidna, amino acids of......811
Spongin, amino acids of.ceceesccss o310
Stability, hydrothermal..cs.sse..508,520
Stain
collagen, aniline bluG.ce.s.75,76,9
combined elastics trichrome
for $188UEBcocceo0scesnscasccocs(9
selective, for collagen and
reticular structureSc.c....75,96

Strands, collagen...... cecsecesesscss91l3
Streptococci, group A.:.ecceosecossss 9T
Structure(s)

connective t188U6..cccocooooecsoso 62
fiprillar, differentiation and
Origin Of cvcoocososcosssassoos 45
protein. .....206,207,209,211,769,809
Substance(s)
amorphous, in connective tissue..182
cOLlular. ccvooccoccososssnssosscs20L
COMONtING e covoocooooosassooadl6,917
collagenous ..o - cevosecsaceccsl0
elastic, in tissue cultures,.....185
£Ibrillar.ceececcoscscssccccaecsodll
ground..cocccoccoans ecoessnseacce203
see Substance, cementing
intercellular.cceoeoes oo -198
1A . 0o sesoococesncscoosaceacsoscd)d
action of 8cids ONessossoso. 411
antagonistic action of
neutral S8ltS Ole.ocsesoo.39
effect of neutral Salts......430
fixation of chromium salts
by.oo.oooae.......,oo.,°,506
{ron 88lt8 DYcceceosocssss DUl



Subject Reference

Rebbit(s) - Continued
OVABrYosococoesooessscccasosossossse DD
Radio-autographyecccococccsosssos894,895
Rat(s)
female, adrenal glands ofcecocos..921
methionine deficientecccceesssooo.8Y8
Reaction(s)
chemical, of tannag®.ccocoscceoceod3il
histological for collag®Neeces..s501
see also Histological technique
paradoxic pallorseececcecccessceslBS
Reagent, Schiff, for staining
reticulumecocccoocssoascssoneacss 65
Reflections, Braggeeeccosecoccocaseesro254
Refraction, double, in myelinieecc....855
Reinnervation of rabbit sciatic
NOIrVOS8cccocecccscccoesssscsscesscel39]
Reticuline.eceooo...168,169,171,174,192,

167,246,802 ,1007

Reticulumessocoscoaronconconees 30,178,189
collagen, in cirrhosiSeecen-oseneslld
controlled formation ofe..eeecessl5l
D - -5 |
precollagen, in bilharziai

cirrhosiSeecececceccceosasessasalll
rolation to collagensceceeeeessss154
Skineoaoooooo-ooouoo.cooooooo-n.toss
staining Of.oocooooo.ooooto000000965

Rheumatism, fibrillar.....c.....-....144

Rings, Prenant'scececcecsccscscsevsoccdb

Rodents, great omentum of.ceececesss.10l

RUDDOr.cocccsscconnsessssssccascsnsealld
physico-mechanical properties of.546
tension equilibria o0fcceescescocos638

Salt(s)
acidﬂ.’.OOQOOOCv.l‘.OO......O'.0.0409
action on

€011agONeceecccccsonssncnnessdlB

gelatin solutionSecececeeceess?70

hide protein.ccceeccccecacesss399
chromicCeecesceseececeeansnsss 508,519
chromium

action on gelatiNeseeoes . TT1~773

aquo, reactions with

C0llageneccccessnvccaceosbl

copper, reaction withgelatin and

gelatin hydrolysates...cesoe.773
fixation by hide substance.......506
inorganic, influence on collagen.582

Subject Reference
Salt(s) - Continued
ironeccecocsccccosocsocscossscseod00,519
neutral,,..,,oeueosooeo,,,,°°452,453
action on
collagen solutions..130,398,
488,567
hide substance®.......412-415
proteins.ccccccccooco. 876,876
antagonistic action ofccoos..394
effect on
boiling temperature of
collag®neececoesesssab07
hide substance.......430,432
influence on
gelatinececeeoscecoocsoos?9B
hydration of intersticial
connective tissue....918
organic acid; in chrome
tanningeoccoscececceeaaeodl?,518
Sarcolemna, electron microscopy
of............,..o....o..o.o953,1005
Sarcoma, Jensenooooechaoo.c'aqooooaoooe44 )
Sausage, co0llagen inecececcscccccesess296
Scars, alveolar 66llccececsccccosccsol26
Scattering, low angle in polymers....960
Scleroderma, diffuS®.ecsseceseeseosl2l,896
Scleroproteinseccscecesessss807,827,850
emino acid content of.-..........928
Sclerosis, 8lveolareccecccecsssscecessllB
Sclerotica, collagen fibers 0fc.ces...56
Scorbutus, experimental.csce.eecol51,1563
Section(s)
gross anatomicalecececcceccooceosod97
tissue, electron microscopy
Of.o.o-ocoo'0.00000000600926,927
seleniumoiﬁﬁﬂﬂ.biba00...0..00090000!0710
Serine
astimation in proteins..cccocsocso.369
Set,
permanent of animal
fiberscoccecccoecssos878,879,883
Sheepskin, semi-tanned....ccccececc..648
Snell
biochemical studies ofcecccoccocso291
OZEZ, Proteins ofcicececscoceeeos o282
Shrinkage, incipienteececceccceeccoso 978
Silk fitroin
acetylation ofcevecoececeess 623,854
methylation ofcceececcccscnsssoos380
SKin(s)eceeeeseeessessssnnononesal?3, 820
animal
chemical depilation 0fceeo...683



Sub ject Reference
Substance(s) - Continued
hide - continued
losses during soaking.coc....695
reaction with
ligno sulfonic acid..510,511
besic aluminum sulfate...543
basic chrome sulfate.....554
high molecularc.cceesoococcscseoos877
intercellularceccccocsowed51-153,198
interstitialocccccsoocoooaocs 170,201
organic
magnetic anistropy of........814
hydrophyllic groups of...581,584
redioactive, action on colloids..846
Sulfato-hydroxy-chromi, collagen
compound.secesccoccscoececcesccos395
Sulfides, effect on alkeline hydrolysis
of hair and skiNeecssscosoecosoos 849
Suppurations, subcuteneous.ceecceccosc14
Surfaces, cell, chemistry ofc.oces...544
Suspensions, histological, behavior
in supersonic field.ccecccscoeescs268
Sutures, collagen, enzyme digestion
of..‘lﬂ..D.’.Q.‘000&‘0‘.!.'0...;0.0.481
Synoytiocem, connective tissue........l76
Syntens, bonding with collagen.......961
System(s)
biological, fine structure of....267
collegen,
diseases of..............i...958
HCl equilibrium iNecececosseq643
lﬂttioe riber.'.......o’l..ll'.".254
protein, donnan equilibria and
molecular effects in-.-...-..396
reticul&r.............-......;....92

Tﬁmponﬁ, collagen;...................113
Tannage
aldehyde.....G.OI.'........C.DO..704
basic chrome sulfate..cceec..523-525
ohrome.0.00.00l.'l.........‘.‘.l'gge
formaldehydecececeseccesseess 996
il"on..-u.-..............6v...519
vegetable.....-..............998
chromium acetate.ceecececcesesess708
formaldehyde chrome..cceceeccesss996
mneralooo.oooo.oouooc-ooonco-??l"??s
Oilu-.-.........-..........-653-555
QUinoONG.csseccescsccsscscesscacesTO0
vegotablocsscecerircctocnsscennss 335
zirconiumecceesesececeocscascessosdd0

Subject Reference
Tannin(s)

catechinsccocccoocsancocooocsnocoscodll
determination ofc.cccoococosooocssB97
lignosulfonat@®ccecococosonocooonsoddl
syntheticecooooncscocosccscsceoeodl”
vegetable in aqueous organic
solventsSccecooccooocosoooccosI69
specific gravity ofcccccccoos873
wattle, in ethyl acetate
solutionsScccccoooccscoscoooocad7T
wattle-bark, combination with
collagencoeceeccssscscossb2T,604
Tanning
chemical and physiological
aspects 0fcccocsoncccscccsocscsB66
chemistry ofcceccccccosccococecssbIB
Chromecceecocoscscssa499,500,502-505,
517,518,520,521,532,533,
538,540,5696,596,705,707,708
combined, chemical processes of..698
electronic theory ofeeccce...633,634
formaldohyde,,oee.......495-498 501,
513-516,629,
534,536,637, 539
mechanism of............o........949
mineralooueroooo-ueo.eoocoone-ooosaz
theory ofeceoecssa549-551,633,634,703
vegetable....535,542,595,596,632,893
zirconiumiececccocecoccscocscesos 630
Tentalum oxide in wound healing......911
Technique
pathologicalececccecscceecnssscecasT?
tanningccccceccscsescsscccsccsceoeb7l
Teeth
electron mioroscopy ofcceececccss990
tissue elements ofecceeccoceonsaclT
Temperature, shrinkage..545,662,561,620,
621,962,963,966
of formaldehyde tanned leather...704
significance of
practicalecscccccccecscos619,621
theoreticalevsesecsssccnccsoc627
Tenablastseeececceccecccccoccnscoannasll
Tendon(8)eececscessceeesss237,241,243,571
Achilles, chemical constituents
Ofceecccoccceesscoscoecsccooodld
collagen fibers ofcuiccoesccocococob?
dOgeescrccesocrcoscososasncscooooclBT
formaldehyde tanned.cececoccocsecooc241
fowl embryoceececececcocoscsconsoall
grephs 0fccccosesscesccscooooosonocdd
heat contraction ofccccecoccsncooldl
reversible crystallization in....557



Subject Reference
fendon(s) - Continued
tail, KeNgAr00 e eetoeeeeeansaoess26]
Tetra-oxalato-diol-chromiate, reaction
Wwith hide proteini..ccevecscecs..397
Theory, Fischer, M. H. for acid ,
formation in edemé.ece.eevs......613
Phermodynamicso.,..,,.....,..636,637,639
"hiocyanates
influence on shrinkage of
COllageneccacoonscocnosnassss 582
potassium, effect on collagen
8nd @lastiNeecooscenesonsesss 393
?hioglutineo.o,oo..n.oe.e......:.866,867
"hreonine
content of MO8LSeocosesasoesessssd30
estimation in proteins....ece....369
"hrombus collagen formation in.......109
‘hymonucleohistonse, affected by
escorbic acid and hydrogen
POroXidecceseccesncssnnnneess 143
iesus(s) : -
animal, properties Ofccececeneesaldy
cicatricial.....................,.14
collagen . :
effect of liming oneeeesso...42§
ohrome tanned, influence of
fat-liquoring on properties
of.............-.....528
thermodynamics of acid and
alkali contraction of....636
cullagenic, conneotive in wounds.136
collagenous, method for
ataining..................75,997
colloid'.‘”.el.‘..0........‘....‘12
combined elastics-trichrome
‘tain rorﬂ......0..0.00..‘.0‘.79
oonnectiva.....11,14,20,23,27,29,31,
32,46,105,122,136,144,146,
148,154,157,158,161.162-167,
169,171,175-177,179-183,186,
187,190,193-196,198,199,202,
921,922
chemical and electrical
properties ofe.c.vevens..337
chemistry of..coveueveneese..980
cultures of.............11,27,31
development 0fe0se...176,193-195
elestic and thermodynamic
properties of........148,149
fiber development in..23,161,162
gErowth in vitro..ceeeeeeees...48
human, swelling measurements
ONcsceccsssncccocnconecaaBld

Subject Reference
Tissue(s) - Continued
connaective - continued
inflemmatory, regeneration
Insececocosososoeoconsoesl?9
interference and Brownian
movement in.cccocsccsecso24?
interstitial.cccooeecoceos915-919
lesions of endometriumece....122
1iveTrcecoeoscoceoococoooosoocc293
loose, intercellular ground
substance ofceecocccooco.l58
pathology of collagen
degeneration ofeccccceso.146
Physiology “I'ececesnocccos164,166
reprecipitated, x-ray
diffraction pattern of...280
reticularceecccsscccosesseeaslbh
spread of fluids inccceccsess.919
subeutaneous.........182,183,190
SynCeytiume coceccecevescccsesol?6
thermodynemic
considerations.......148, 149
weter binding ineevececccoosal?l
regenerationieeseccceceenesesl?9
x-ray diffraction patterns
ofl0.“.0."'l."."...l.°237
yellow fibrouSeeessesececess 201
oontractile, of mammery gland....986
00nEractilitye e eecocetneeennnsss 264
oulture(S)o.000004,7,11,15,16,19'249
26-28,30,31,36-41,
43-46,49,62-54,185
dorsal Ohordoooaooolouooooo300050093
elastic, electron miocroscopy of..932
embedded, surface staining of.....60
eye, distribution of Lewisite
in.’...'.‘l..‘IOOODOOQC.Cilllegs
fibrous
development in peritoneal
adhesions....-....‘....-.117
origin and structure in
wound healing.eeeeecesoecoe3
swelling of, histological and
physico-chemioal
investigation..cco....68
fine structure 0fcececensenco264,266
Firmness ofcieeereececenonconens.264
granulation, tissue cultures in...15
human. .ot cieniennennnnnnnesese259
injured, vi+amin C and repair of...5
living, method of studying......1,9,
47,48,194,195
MmOSONhNYMELlececeeeacsonacnnsoonss db



